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Technology Focus: Test & Measurement 


9 Multi-Segment Radius Measurement Using an Absolute Distance 
Meter Through a Null Assembly 

T his system can be used by fabricators or optics integrators for telescopes or other 
imaging systems. 

NASA's Goddard Space Flight Center, Green belt, M D 


This system was one of the test meth- 
ods considered for measuring the radius 
of curvature of one or more of the 18 
segmented mirrors that form the 6.5 m 
diameter primary mirror (PM) of the 
James Webb Space Telescope (JWST). 
The assembled telescope will be tested at 
cryogenic temperatures in a 17-m diame- 
ter by 27-m high vacuum chamber at the 
Johnson Space Center. Thissystem usesa 
Leica Absolute Distance Meter (ADM), 
at a wavelength of 780 nm, combined 
with beam-steering and beam-shaping 
optics to make a differential distance 
measurement between a ring mirror on 
the reflective null assembly and individ- 
ual PM segments. The ADM is located in- 
side the same Pressure-Tight Enclosure 
(PTE) that houses the test interferome- 
ter. The PTE maintains the ADM and in- 
terferometer at ambient temperature 
an d p ressu re so th at th ey ar e n o t d i recti y 
exposed to the telescope's harsh cryo- 
genic and vacuum environment. 

This system takes advantage of the ex- 
isting achromatic objective and reflec- 
tive null assembly used by the test inter- 
ferometer to direct four ADM beamlets 


to four PM segments through an optical 
path that is coincident with the interfer- 
ometer beam. A mask, positioned on a 
linear slide, contains an array of 1.25 
mm diameter circular subapertures that 
map to each of the 18 PM segments as 
well as six positionsaround the ring mir- 
ror. A down-collimated 4 mm ADM 
beam simultaneously covers 4 adjacent 
PM segment beamlets and one ring mir- 
ror beamlet. The radius, or spacing, of 
all 18 segments can be measured with 
the addition of two orthogonally-ori- 
ented scanning pentaprisms used to 
steer the ADM beam to any one of six 
different sub-aperture configurations at 
the plane of the ring mirror. 

The interferometer beam, at a wave- 
length of 687 nm, and the ADM beam- 
lets, at a wavelength of 780 nm, pass 
through the objective and null so that 
the rays are normally incident on the 
parabolic PM surface. After reflecting 
off the PM, both the ADM and interfer- 
ometer beams return to their respective 
instruments on nearly the same path. A 
fifth beamlet, acting as a differential ref- 
erence, reflects off a ring mirror at- 


tached to the objective and null and re- 
turns to the ADM . The spacings between 
the ring mirror, objective, and null are 
known through manufacturing toler- 
ances as well as through an in situ null 
wavefront alignment of the interferome- 
ter test beam with a reflective hologram 
located near the caustic of the null. 
Since total path length between the ring 
mirror and PM segments is highly deter- 
ministic, any ADM -measured departures 
from the predicted path length can be 
attributed to either spacing error or ra- 
dius error in the PM. It is estimated that 
the path length measurement between 
the ring mirror and a PM segment is ac- 
curate to better than 100 jim. 

The unique features of this invention 
include the differential distance measur- 
ing capability and its integration into an 
existing cryogenic and vacuum compati- 
ble interferometric optical test. 

T his work was done by Cormic M erle, Eric 
Wick, and Joseph Hayden of ITT Corp. for 
Goddard Space Flight Center. For further in- 
formation, contact the Goddard Innovative 
PartnershipsOfficeat(301) 286-5810. GSC- 
15674-1 


9 Fiber-Optic Magnetic-Field-Strength Measurement System for 
Lightning Detection 

Fiber optics used for signal paths provide enhanced immunity from electromagnetic radiation 
incident in the vicinity of the measurements. 

John F. Kennedy Space Center, Florida 


A fiber-optic sensor system is de- 
signed to measure magnetic fields asso- 
ciated with a lightning stroke. Field vec- 
tor magnitudes are detected and 
processed for multiple locations. Since 
physical limitations prevent the sensor 
elements from being located in close 
proximity to highly conductive materi- 
als such as aluminum, the copper wire 
sensor elements (3) are located inside a 


4-cubic-in. (=66-cubic-cm) plastic hous- 
ing sensor head and connected to a 
fiber-optic conversion module by 
shielded cabling, which is limited to the 
shortest length feasible. The signal path 
between the conversion module and 
the avionics unit which processes the 
signals are fiber optic, providing en- 
hanced immunity from electromag- 
netic radiation incident in the vicinity 


of the measurements. The sensors are 
passive, lightweight, and much smaller 
than commercial B-dot sensors in the 
configuration which measures a three- 
dimensional magnetic field. The system 
is expandable, and provides a standard- 
format output signal for downstream 
processing. 

Inside of the sensor head, three 
small search coils, each having a few 
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turns on a circular form, are mounted 
orthogonally inside the non-metallic 
housing. The fiber-optic conversion 
module comprises three interferome- 
ters, one for each search coil. Each in- 
terferometer has a high bandwidth op- 
tical phase modulator that impresses 
the signal received from its search coil 
onto its output. The output of each in- 
terferometer travels by fiber optic 
cable to the avionics unit, and the 
search coil signal is recovered by an 
optical phase demodulator. The out- 
put of each demodulator is fed to an 


analog-to-digital converter, whose sam- 
pling rate is determined by the maxi- 
mum expected rate of rise and peak 
signal magnitude. The output of the 
digital processor is a faithful reproduc- 
tion of the coil response to the inci- 
dent magnetic field. This information 
is provided in a standard output for- 
mat on a 50-ohm port that can be con- 
nected to any number of data collec- 
tion and processing instruments 
and/ or systems. 

The measurement of magnetic fields 
using fiber-optic signal processing is 


n o vel becau se i t el i m i n ates I i m i tati o n s of 
a traditional B-dot system. These limita- 
tions include the distance from the sen- 
sor to the measurement device, the po- 
tential for the signal to degrade or be 
corrupted by EMI from lightning, and 
the size and weight of the sensor and as- 
sociated plate. 

This work was done by Jay Gurecki of 
Kennedy Space Center; Bob Scully of Johnson 
Space Center; and Allen Davis, Clay Kirk- 
endall, and Frank Bucholtz of the Naval Re- 
search L aboratory. Further information is con- 
tained in a TSP (see page 1). KSC-13221 


8> Photocatalytic Active Radiation Measurements and U se 

T his technology can be used to improve the ability to predict the performance of photocatalytic 
materials under different illumination conditions. 

Stennis Space Center, M ississippi 


Photocatalytic materials are being 
used to purify air, to kill microbes, and 
to keep surfaces clean. A wide variety of 
materials are being developed, many of 
which have different abilities to absorb 
various wavelengths of light. Material 
variability, combined with both spectral 
illumination intensity and spectral distri- 
bution variability, will produce a wide 
range of performance results. The pro- 
posed technology estimates photocat- 
alytic active radiation (PcAR), a unit of 
radiation that normalizes the amount of 
light based on its spectral distribution 
and on the ability of the material to ab- 
sorb that radiation. 

Photocatalytic reactions depend upon 
the number of electron-hole pairs gen- 
erated at the photocatalytic surface. The 
number of electron-hole pairs produced 
depends on the number of photons per 
unit area per second striking the surface 
that can be absorbed and whose energy 
exceeds the band gap of the photocat- 
alytic material. A convenient parameter 
to describe the number of useful pho- 


tons is the number of moles of photons 
striking the surface per unit area per 
second. The unit of micro-ein steins (or 
micromoles) of photons per m 2 per sec 
is commonly used for photochemical 
and photoelectric-like phenomena. This 
type of parameter is used in photochem- 
istry, such as in the conversion of light 
energy for photosynthesis. 

Photosynthetic response correlates 
with the number of photons rather than 
by energy because, in this photochemi- 
cal process, each molecule is activated 
by the absorption of one photon. In 
photosynthesis, the number of photons 
absorbed in the 400-700 nm spectral 
range is estimated and is referred to as 
photosynthetic active radiation (PAR). 
PAR is defined in terms of the photosyn- 
thetic photon flux density measured in 
micro-einsteins of photons per m 2 per 
sec. PcAR is an equivalent, similarly 
modeled parameter that has been de- 
fined for the photocatalytic processes. 

Two methods to measure the PcAR 
level are being proposed. In the first 


method, a calibrated spectrometer 
with a cosine receptor is used to meas- 
ure the spectral irradiance. This meas- 
urement, in conjunction with the pho- 
tocatalytic response as a function of 
wavelength, is used to estimate the 
PcAR. The photocatalytic response 
function is determined by measuring 
photocatalytic reactivity as a function 
of wavelength. In the second method, 
simple shaped photocatalytic response 
functions can be simulated with a 
broad-band detector with a cosine re- 
ceptor appropriately filtered to repre- 
sent the spectral response of the pho- 
tocatalytic material. This second 
method can be less expensive than 
using a calibrated spectrometer. 

This work was done by Bruce A. Davis of 
Stennis Space Center and Robert E. Ryan 
and Lauren I/I/. Underwood of Science Sys- 
tems and Applications, Inc. Inquiries con- 
cerning the technology should be addressed to 
the Intellectual Property Manager, Stennis 
SpaceCenter, (228) 688-1929. Refer toSSC- 
00328. 


9 Computer Generated H ologram System for Wavefront 
Measurement System Calibration 

NASA's Goddard Space Flight Center, Greenbelt, Maryland 


Computer Generated Holograms 
(CGH s) have been used for some time 
to calibrate interferometers that re- 
quire nulling optics. A typical scenario 
is the testing of aspheric surfaces with 


an interferometer placed near the 
paraxial center of curvature. Existing 
CGH technology suffers from a re- 
duced capacity to calibrate middle 
and high spatial frequencies. The root 


cause of this shortcoming is as follows: 
the CGH is not placed at an image 
conjugate of the asphere due to limita- 
tions imposed by the geometry of the 
test and the allowable size of the CGH . 
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This innovation provides a calibra- 
tion system where the imaging proper- 
ties in calibration can be made compa- 
rable to the test configuration. Thus, if 
the test is designed to have good imag- 
ing properties, then middle and high 
spatial frequency errors in the test sys- 
tem can be well calibrated. The im- 
proved imaging properties are pro- 
vided by a rudimentary auxiliary optic 
as part of the calibration system. The 


auxiliary optic is simple to characterize 
and align to the CGH . Use of the auxil- 
iary optic also reduces the size of the 
CGH required for calibration and the 
density of the lines required for the 
CGH . The resulting CGH is less expen- 
sive than the existing technology and 
has reduced write error and alignment 
error sensitivities. 

This CGH system is suitable for any 
kind of calibration using an interferom- 


eter when high spatial resolution is re- 
quired. It is especially well suited for 
tests that include segmented optical 
components or large apertures. 

T his work was done by Gene Olczak of 
ITT Geospatial Systems for Goddard 
Space Flight Center. For further informa- 
tion i, contact the Goddard Innovative 
Partnerships Office at (301) 286-5810. 
GSC-15676-1 


# Non-Contact Thermal Properties Measurement With Low- 
Power Laser and IR Camera System 

Photons both excite and are used to measure the thermal response of any surface material. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


As shown by the Phoenix Mars Lan- 
der's Thermal and Electrical Conduc- 
tivity Probe (TECP), contact measure- 
ments of thermal conductivity and 
diffusivity (using a modified flux-plate 
or line-source heat-pulse method) are 
constrained by a number of factors. Ro- 
botic resources must be used to place 
the probe, making them unavailable 
for other operationsfor the duration of 
the measurement. The range of place- 
ment is also limited by mobility, partic- 
ularly in the case of a lander. Placement 
is also subject to irregularities in con- 
tact quality, resulting in non-repeatable 
heat transfer to the material under test. 
Most important from a scientific per- 
spective, the varieties of materials 
which can be measured are limited to 
unconsolidated or weakly-cohesive re- 
golith materials, rocks, and ices being 
too hard for nominal insertion 
strengths. 

Accurately measuring thermal prop- 
erties in the laboratory requires signifi- 
cant experimental finesse, involving 
sample preparation, controlled and re- 
peatable procedures, and, practically, 
instrumentation much more volumi- 
nous than the sample being tested 
(heater plates, insulation, temperature 
sensors). Remote measurements (in- 
frared images from orbiting space- 
craft) can reveal composite properties 


like thermal inertia, but suffer both 
from a large footprint (low spatial res- 
olution) and convolution of the ther- 
mal properties of a potentially layered 
medium. In situ measurement tech- 
niques (the Phoenix TECP is the only 
robotic measurement of thermal prop- 
erties to date) suffer from problems of 
placement range, placement quality, 
occupation of robotic resources, and 
the ability to only measure materials of 
low mechanical strength. 

A spacecraft needs the ability to per- 
form a non-contact thermal properties 
measurement in situ. Essential compo- 
nents include low power consumption, 
leveraging of existing or highly-devel- 
oped flight technologies, and mechani- 
cal simplicity. 

This new in situ method, by virtue of 
its being non-contact, bypasses all of 
these problems. The use of photons to 
both excite and measure the thermal re- 
sponse of any surface material to a high 
resolution (estimated footprint « 10 
cm 2 ) is a generational leap in physical 
properties measurements. 

The proposed method consists of 
spot-heating the surface of a material 
with a low(<L W) power laser. This pro- 
duces a moderate (5-10 K) temperature 
increase in the material. As the heat 
propagates in a hemisphere from the 
point of heating, it raises the tempera- 


ture of the surrounding surface. The 
temperature of the heating spot itself, 
and that of the surrounding material, is 
monitored remotely with an infrared 
camera system. Monitoring isdone dur- 
ing both the heating and cooling (after 
the laser is turned off) phases. Temper- 
ature evolution as a function of dis- 
tance from the heating point contains 
information about the material's ther- 
mal properties, and can be extracted 
through curve-fitting to analytical mod- 
els of heat transport. 

In situ measurement of thermal prop- 
erties of planetary surface materials pro- 
vides ground-truth for remote sensing 
observations and high-resolution, site- 
specific data for any landed spacecraft 
environment. Thermal properties are 
necessary parameters for modeling and 
understanding thermal evolution of the 
surface and subsurface, climate state and 
history, and predicting the presence of 
subsurface water/ ice. The applications 
extend to all solid bodies in the solar sys- 
tem, but with greatest applicability to 
bodies with thin or tenuous atmospheres 
where conduction and radiation are the 
dominant heat-transport properties. 

T his work was don ebyTroyL. FI u dson and 
M ichad H . Hecht of Caltech for NASA's Jet 
Propulsion Laboratory. FFurther information 
is contained in a TSP (see page 1 ). NPO- 
47390 
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SpaceCube 2.0: An Advanced Hybrid 0 nboard Data Processor 

Two FPGAs maximize data and computing performance while minimizing physical size. 

Goddard Space Flight Center, Green belt, Maryland 


The SpaceCube 2.0 is a compact, high- 
performance, low-power onboard pro- 
cessing system that takes advantage of cut- 
ting-edge hybrid (CPU/ FPGA/ DSP) 
processing elements. The SpaceCube 2.0 
design concept includes two commercial 
Virtex-5 field-programmable gate array 
(FPGA) parts protected by "radiation 
hardened by software" technology, and 
possesses exceptional size, weight, and 
power characteristics [5x5x7 in., 3.5 lb 
(-12.7x12.7x17.8 cm, 1.6 kg) 5-25 W, de- 
pending on the application's required 
clock rate]. The two Virtex-5 FPGA parts 
are implemented in a unique back-to- 
back configuration to maximize data 
transfer and computing performance. 

Draft computing power specifications 
for the SpaceCube 2.0 unit include four 


PowerPC 440s ( 1100 D M I PS each ) , 500+ 
DSP48ES (2x580 GMACS), 100+ LVDS 
high-speed serial 1/ O s ( 1.25 Gbpseach), 
and 2x190 GFLO PS single-precision (65 
GFLOPS double-precision) floating 
point performance. The SpaceCube 2.0 
includes PROM memory for CPU boot, 
health and safety, and basic command 
and telemetry functionality; RAM mem- 
ory for program execution; and 
FLASH/ EEPROM memoryto store algo- 
rithms and application code for the 
CPU, FPGA, and DSP processing ele- 
ments. Program execution can be recon- 
figured in real time and algorithms can 
be updated, modified, and/or replaced 
at any point during the mission. Gigabit 
Ethernet, Spacewire, SATA and high- 
speed LVDS serial/ parallel I/O chan- 


nels are available for instrument/ sensor 
data ingest, and mission-unique instru- 
ment interfaces can be accommodated 
using a compact PCI (cPCI) expansion 
card interface. 

The SpaceCube 2.0 can be utilized in 
NASA Earth Science, Helio/ Astro- 
physics and Exploration missions, and 
Department of Defense satellites for on- 
board data processing. It can also be 
used in commercial communication and 
mapping satellites. 

This work was done by Michael Lin, 
Thomas Flatly, John Godfrey, Alessandro 
Ga'st, Daniel Espinosa, and David Patrick of 
Goddard Space Flight Center. Further infor- 
mation is contained in a TSP (see page 1). 
GSC-15760-1 


CMOS Imager Has Better Cross-Talk and Full-Well Performance 

Electrically isolated areas containing imaging and readout structures are optimized separately. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A complementary metal oxide/ semi- 
conductor (CMOS) image detector 
now undergoing development is de- 
signed to exhibit less cross-talk and 
greater full-well capacity than do prior 
CMOS image detectors of the same 
type. Imagers of the type in question 
are designed to operate from low-volt- 
age power supplies and are fabricated 
by processes that yield device features 
having dimensions in the deep submi- 
cron range. 

Because of the use of low supply po- 
tentials, maximum internal electric 
fields and depletion widths are corre- 
spondingly limited. In turn, these limita- 
tions are responsible for increases in 
cross-talk and decreases in charge-han- 
dling capacities. Moreover, for small pix- 
els, lateral depletion cannot be ex- 
tended. These adverse effects are even 
more accentuated in a back-illuminated 
CMOS imager, in which photogenerated 
charge carriers must travel across the en- 
tire thickness of the device. 


The figure shows a partial cross sec- 
tion of the structure in the device layer 
of the present developmental CMOS im- 
ager. (In a practical imager, the device 
layer would sit atop either a heavily 
doped silicon substrate or a thin silicon 
oxide layer on a silicon substrate, not 
shown here.) The imager chip isdivided 
into two areas: area C, which contains 
readout circuits and other electronic cir- 
cuits; and area I, which contains the im- 
aging (photodetector and photogener- 
ated-charge-collecting) pixel structures. 
Areas C and I are electrically isolated 
from each other by means of a trench 
filled with silicon oxide. 

The electrical isolation between areas 
C and I makes it possible to apply differ- 
ent supply potentials to these areas, 
thereby enabling optimization of the 
supply potential and associated design 
features for each area. More specifi- 
cally, metal oxide semiconductor field- 
effect transistors (MOSFETs) that are 
typically included in CMOS imagers 


now reside in area C and can remain 
unchanged from established designs 
and operated at supply potentials pre- 
scribed for those designs, while the 
dopings and the lower supply potentials 
in area I can be tailored to optimize im- 
ager performance. 

In area I, the device layer includes an 
n + -doped silicon layer on which is 
grown an n~-doped silicon layer. A p~- 
doped silicon layer is grown on top of 
the n _ -doped layer. The total imaging 
device thickness is the sum of the thick- 
ness of the n + , n, and p~ layers. A pixel 
photodiode is formed between a sur- 
face n + implant, a p implant under- 
neath it, the aforementioned p - layer, 
and the n and n + layers. Adjacent to 
the diode is a gate for transferring pho- 
togenerated charges out of the photodi- 
ode and into a floating diffusion 
formed by an implanted p + layer on an 
implanted n-doped region. Metal con- 
tact pads are added to the back-side for 
providing back-side bias. 
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This Simplified Cross Section (not to scale) shows essential features of the developmental device structure. A key feature of the 
structure is the depletion region (indicated by the dashed outline) along the entire rr/p" junction. 


The rr and p - doping concentrations 
are chosen such that everywhere in area I, 
a depletion region exists between the n - 
and p - layers. This depletion region en- 
ables electrical isolation between the sev- 
eral front (top) doped regions and the 
back (bottom) n and n + layers. Conse- 
quently the bias potentials applied to the 
top of the diode and the adjacent transfer 
gate can be d i ff er en t f r o m th e b i as ap p I i ed 
to the bottom. Thus, while CM OS-compat- 
ible potentials (e.g., 3 V) are applied at the 
top, the bottom of the structure can be bi- 
ased to greater potential (e.g., 5 V) via the 
back-side metal contact pads to com- 
pletely deplete the photodiode. The re- 


sulting depletion region isindicated in the 
figure as the area enclosed by the dashed 
outline. Complete depletion of the photo- 
diode results in collection of charge carri- 
ers (holes in this case) under the influ- 
ence of an electric field, and hence, a 
significant reduction of cross-talk. Com- 
plete depletion also increases the charge- 
storage volume, and, hence, the charge- 
handling capacity. Thus, the structure 
described here provides for large deple- 
tion width around each photodiode, inde- 
pendent of the CMOS power-supply volt- 
age and pixel size. 

T his work was done by Bedabrata Pain and 
Thomas J. Cunningham of Caltech for NASA's 


Jet Propulsion Laboratory. Further information 
is contained in a TSP (seepagel). 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning 
rights for its commercial use should bead- 
dressed to: 

In nova tive T echnology A ssets M anagemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasadena , CA 91109-8099 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO -45964, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


H igh-Performance Wireless Telemetry 

This technology is applicable to any kind of aviation or power-plant turbine testing. 

John H . Glenn Research Center, Cleveland, Ohio 


Prior technology for machinery data 
acquisition used slip rings, FM radio 
communication, or non-real-time digital 
communication. Slip rings are often 
noisy, require much space that may not 
be available, and require access to the 
shaft, which may not be possible. FM 
radio is not accurate or stable, and is lim- 
ited in the number of channels, often 
with channel crosstalk, and intermittent 
as the shaft rotates. Non-real-time digital 
communication isvery popular, but com- 
plex, with long development time, and 
objections from users who need continu- 
ous waveforms from many channels. 

This innovation extends the amount 
of information conveyed from a rotating 
machine to a data acquisition system 


while keeping the development time 
short and keeping the rotating electron- 
ics simple, compact, stable, and rugged. 
The data are all real time. The product 
of the number of channels, times the bit 
resolution, times the update rate, givesa 
data rate higher than available by older 
methods. The telemetry system consists 
of a data-receiving rack that supplies 
magnetically coupled power to a rotat- 
ing instrument amplifier ring in the ma- 
chine being monitored. The ring digi- 
tizes the data and magnetically couples 
the data back to the rack, where it is 
made available. 

The transformer is generally a ring 
positioned around the axis of rotation 
with one side of the transformer free to 


rotate and the other side held stationary. 
The windings are laid in the ring; this 
gives the data immunity to any rotation 
that may occur. 

A medium-frequency sine-wave power 
source in a rack supplies power through 
a cable to a rotating ring transformer 
that passes the power on to a rotating set 
of electronics. The electronics power a 
set of up to 40 sensors and provides in- 
strument amplifiers for the sensors. The 
outputs from the amplifiers are filtered 
and multiplexed into a serial ADC. The 
output from the ADC is connected to 
another rotating ring transformer that 
conveys the serial data from the rotating 
section to the stationary section. From 
there, a cable conveys the serial data to 
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the remote rack, where it is recondi- 
tioned to logic level specifications, de-se- 
rialized, and converted back to analog. 
In the rotating electronics are code gen- 
erators to indicate the beginning of files 
for data synchronization. 

An alternative method would be to 
use two symmetrical coils. Since the two 
coils are rotational ly symmetrical, rota- 
tion does not influence the magnetic 
coupling from the primary to the sec- 
ondary. Since the secondary coil is elec- 
trostatically shielded, environmental 
noise pickup is intrinsically low. Since 
the transformer is air-core, the uncom- 
pressed bandwidth can be high — 50 
MHz, 200 MHz, or higher. 

The rotating coil is the primary com- 
ponent of the transformer and is in the 


shape of a thin ring, containing a few 
turns of wire. The plane of the ring is 
per pen d i cu I ar to th e axi s of rotati o n . Ra- 
dially, just beyond the rotating primary 
coil, isthe secondary coil in the shape of 
a ring, and lying close to the primary. 
The secondary coil is a single turn of 
coaxial cable with the center conductor 
connected to the shield of the cable 
where it leaves the coil. The binary data 
are fed into both ends of the primary 
coil through an impedance matching re- 
sistor, with one end receiving the data in- 
verted. This double-ended (full-bridge) 
approach reduces propagation delay dis- 
tortions and increases signal strength. 
The secondary coil has an impedance 
matching resistor at the end of the 
cable. U se of a coaxial cable reduces ca- 


Telemetry-Based Ranging 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A telemetry-based ranging scheme 
was developed in which the downlink 
ranging signal is eliminated, and the 
range is computed directly from the 
downlink telemetry signal. This is the 
first Deep Space Network (DSN) rang- 
ing technology that does not require 
the spacecraft to transmit a separate 
ranging signal. By contrast, the evolu- 
tionary ranging techniques used over 
the years by NASA missions, including 
sequential ranging (transmission of a 
sequence of sinusoids) and PN-ranging 
(transmission of a pseudo-noise se- 
quence) — whether regenerative 
(spacecraft acquires, then regenerates 
and retransmits a noise-free ranging 
signal) or transparent (spacecraft feeds 
the noisy demodulated uplink ranging 


signal into the downlink phase modula- 
tor) — relied on spacecraft power and 
bandwidth to transmit an explicit rang- 
ing signal. 

The state of the art in ranging is de- 
scribed in an emerging CCSDS (Con- 
sultative Committee for Space Data Sys- 
tems) standard, in which a 
pseudo-noise (PN) sequence is trans- 
mitted from the ground to the space- 
craft, acquired onboard, and the PN se- 
quence is coherently retransmitted 
back to the ground, where a delay meas- 
urement is made between the uplink 
and downlink signals. In this work, the 
telemetry signal is aligned with the up- 
link PN code epoch. The ground sta- 
tion computes the delay between the 
uplink signal transmission and the re- 


pacitive coupling, but freely allows mag- 
netic coupling. To enhance the cou- 
pling, ferrite cloth can be laid into a 
groove and the primary coil wound on 
top of it. Similarly, ferrite cloth can be 
formed around the secondary coil. Cop- 
per rings can be placed on either side of 
the coil set to reduce outside influences. 

This work was done by Elmer Griebeler, 
Nuha N awash, and James Buckley of Glenn 
Research Center. Further information is con- 
tained in a TSP (see page 1). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steven 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW -18575-1/7-1. 


ceived downlink telemetry. Such a com- 
putation is feasible because symbol syn- 
chronizability isalready an integral part 
of the telemetry design. 

Under existing technology, the 
telemetry signal cannot be used for 
ranging because its arrival-time informa- 
tion is not coherent with any Earth refer- 
ence signal. By introducing this coher- 
ence, and performing joint telemetry 
detection and arrival-time estimation on 
the ground, a high-rate telemetry signal 
can provide all the precision necessary 
for spacecraft ranging. 

T his work was done by Jon H amkins, Vic- 
tor A. Vi In rotter, Kenneth S. Andrews, and 
Shervin Shambayati of Caltech for NASA'sJd: 
Propulsion Laboratory. For more in formation, 
con ta ct i a offi ce@Jpl. nasa. gov. NPO -4 7170 
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[~j| Software 


® JWST Wavefront 
Control Toolbox 

A Matlab-based toolbox has been de- 
veloped for the wavefront control and 
optimization of segmented optical sur- 
faces to correct for possible misalign- 
ments of James Webb Space Telescope 
(JWST) using influence functions. The 
toolbox employs both iterative and 
non-iterative methods to converge to 
an optimal solution by minimizing the 
cost function. The toolbox could be 
used in either of constrained and un- 
constrained optimizations. The control 
process involves 1 to 7 degrees-of-free- 
dom perturbations per segment of pri- 
mary mirror in addition to the 5 de- 
grees of freedom of secondary mirror. 

The toolbox consists of a series of 
Matlab/ Simulink functions and mod- 
ules, developed based on a "wrapper" 
approach, that handles the interface 
and data flow between existing commer- 
cial optical modeling software packages 
such as Zemax and Code V. The limita- 
tions of the algorithm are dictated by 
the constraints of the moving parts in 
the mirrors. 

T his work was donebyShahram R on Shiri 
and David L. Aronstein of Goddard Space 
Flight Center. For further information, con- 
tact the God da rd In novative Partnerships Of- 
fice (301) 286-5810. GSC-15567-1 


Q Java Image I/O for VICAR, 
PDS, and I SIS 

This library, written in Java, supports 
input and output of images and meta- 
data (labels) in the VICAR, PDS image, 
and ISIS-2 and ISIS-3 file formats. Three 
levels of access exist. 

The first level comprises the low-level, 
direct access to the file. This allows an 
application to read and write specific 
image tiles, lines, or pixels and to ma- 
nipulate the label data directly. This 
layer is analogous to the C-language 
"VICAR Run-Time Library" (RTL), 
which is the image 1/ 0 library for the 
(C/ C+-V Fortran) VICAR image pro- 
cessing system from JPL Ml PL (Multi- 
mission Image Processing Lab). This 
low-level library can also be used to read 


and write labeled, uncompressed im- 
ages stored in formats similar to VICAR, 
such as 1515-2 and -3, and a subset of 
PDS (image format). 

The second level of access involves 
two codecs based on Java Advanced Im- 
aging (JAI ) to provide access to VICAR 
and PDS images in a file-format-inde- 
pendent manner. JAI is supplied by Sun 
Microsystems as an extension to desktop 
Java, and hasa number of codecs for for- 
mats such as GIF, TIFF, JPEG, etc. Al- 
though Sun has deprecated the codec 
mechanism (replaced by NO), it is still 
used in many places. The VICAR and 
PDS codecs allow any program written 
using the JAI codec spec to use VICAR 
or PDS images automatically, with no 
specific knowledge of the VICAR or PDS 
formats. Support for metadata (labels) is 
included, but is format-dependent. The 
PDS codec, when processing PDS im- 
ages with an embedded VIAR label 
("dual-labeled images," such as used for 
MER), presents the VICAR label in a 
new way that is compatible with the 
VICAR codec. 

The third level of access involves 
VICAR, PDS, and ISIS Image I/O plug- 
ins. The Java core includes an "Image 
I/O" (NO) package that is similar in 
concept to the JAI codec, but is newer 
and more capable. Applications written 
to the NO specification can use any 
image format for which a plug-in exists, 
with no specific knowledge of the for- 
mat itself. 

This work was don e by Robert G. Dem and 
Steven R. Levoe of Caltech for NASA's Jet 
Propulsion Laboratory. For more informa- 
tion, contact iaoffice@jpl.nasa.gov. 

T his software is available for commercial li- 
censing. Please contact Daniel Broderick of 
the California Institute of Technology at 
danidb@caltech.edu. Refer to NPO-47184. 


Q X-Band Acquisition 
Aid Software 

The X-band Acquisition Aid (AAP) 
software is a low-cost acquisition aid for 
the Deep Space Network (DSN) anten- 
nas, and is used while acquiring a space- 
craft shortly after it has launched. When 
enabled, the acquisition aid provides 


correctionsto the antenna-predicted tra- 
jectory of the spacecraft to compensate 
for the variations that occur during the 
actual launch. The AAP software also 
provides the correctionsto the antenna- 
predicted trajectory to the navigation 
team that uses the correctionsto refine 
their model of the spacecraft in order to 
produce improved antenna-predicted 
trajectories for each spacecraft that 
passes over each complex. 

The software provides an automated 
Acquisition Aid receiver calibration, and 
provides graphical displays to the opera- 
tor and remote viewers via an Ethernet 
connection. It has a Web server, and the 
remote workstations use the Firefox 
browser to view the displays. At any given 
time, only one operator can control any 
particular display in order to avoid con- 
flicting commands from more than one 
control point. The configuration and 
control is accomplished solely via the 
graphical displays. The operator does not 
have to remember any commands. Only a 
few configuration parameters need to be 
changed, and can be saved to the appro- 
priate spacecraft-dependent configura- 
tion file on the AAP's hard disk. 

AAP automates the calibration se- 
quence by first commanding the an- 
tenna to the correct position, starting 
the receiver calibration sequence, and 
then providing the operator with the op- 
tion of accepting or rejecting the new 
calibration parameters. If accepted, the 
new parameters are stored in the appro- 
priate spacecraft-dependent configura- 
tion file. The calibration can be per- 
formed on the Sun, greatly expanding 
the window of opportunity for calibra- 
tion. The spacecraft traditionally used 
for calibration is in view typically twice 
per day, and only for about ten minutes 
each pass. 

T his work was done by M ichad J. Britcliffe 
and Martha M. Strain of Caltech and 
M ichad Wert of ITT for NASA's Jet Propul- 
sion Laboratory. Further information is con- 
tained in a TSP (see page 1). 

The software used in this innovation is 
available for commercial licensing. Please 
contact Danid Broderick of theCalifornia In- 
stitute of Technology at danidb@caltech.edu. 
Refer to NPO-47004. 
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Manufacturing & Prototyping 


e ± Antimicrobial-Coated Granules for Disinfecting Water 

Lyndon B. Johnson SpaceCenter, Houston, Texas 


Methods of preparing antimicrobial- 
coated granules for disinfecting flowing 
potable water have been developed. 
Like the methods reported in the imme- 
diately preceding article, these methods 
involve chemical preparation of sub- 
strate su rfaces ( i n th i s case, th e su rfaces 
of granules) to enable attachment of an- 
timicrobial molecules to the surfaces via 
covalent bonds. A variety of granular 
materials have been coated with a vari- 


ety of antimicrobial agents that include 
antibiotics, bacteriocins, enzymes, bac- 
tericides, and fungicides. When em- 
ployed in packed beds in flowing water, 
these antimicrobial-coated granules 
have been proven effective against 
gram-positive bacteria, gram-negative 
bacteria, fungi, and viruses. Composite 
beds, consisting of multiple layers con- 
taining different granular antimicrobial 
media, have proven particularly effec- 


tive against a broad spectrum of mi- 
croorganisms. These media have also 
proven effective in enhancing or poten- 
tiating the biocidal effects of in-line iod- 
inated resins and of very low levels of 
dissolved elemental iodine. 

This work was done byJamesR. Akse, John 
T. Holtsnider, and Helen Kliestik of Umpqua 
Research Co. for Johnson SpaceCenter. Fur- 
ther information is contained in a TSP (see 
page 1).M SC-23468-1 


S Range 7 Scanner Integration With PaR Robot Scanning System 

Models of complex objects can be developed even if the objects are large and featureless. 

John F. Kennedy SpaceCenter, Florida 


An interface bracket and coordinate 
transformation matrices were designed 
to allow the Range 7 scanner to be 
mounted on the PaR Robot detector arm 
for scanning the heat shield or other ob- 
ject placed in the test cell. A process was 
designed for using Rapid Form XOR to 
stitch data from multiple scans together 
to provide an accurate 3D model of the 
object scanned. 

An accurate model was required for 
the design and verification of an existing 
heat shield. The large physical size and 
complex shape of the heat shield does 
not allow for direct measurement of cer- 
tain features in relation to other features. 
Any imaging devices capable of imaging 
the entire heat shield in its entirety suf- 
fers a reduced resolution and cannot 
image sections that are blocked from 
view. Prior methods involved tools such 
as commercial measurement arms, tak- 


ing images with cameras, then perform- 
ing manual measurements. These prior 
methods were tediousand could not pro- 
vide a 3D model of the object being 
scanned, and were typically limited to a 
few tens of measurement points at 
prominent locations. 

Integration of the scanner with the 
robot allows for large complex objects to 
be scanned at high resolution, and for 
3D Computer Aided Design (CAD) 
models to be generated for verification 
of items to the original design, and to 
generate models of previously undocu- 
mented items. 

The main components are the mount- 
ing bracket for the scanner to the robot 
and the coordinate transformation ma- 
trices used for stitching the scanner data 
into a 3D model. The steps involve 
mounting the interface bracket to the 
robot's detector arm, mounting the scan- 


ner to the bracket, and then scanning 
sections of the object and recording the 
location of the tool tip (in this case the 
center of the scanner's focal point). 

A novel feature is the ability to stitch 
images together by coordinates instead 
of requiring each scan data set to have 
overlapping identifiable features. This 
setup allows models of complex objects 
to be developed even if the object is 
large and featureless, or has sections 
that don't have visibility to other parts of 
the object for use as a reference. In addi- 
tion, millions of points can be used for 
creation of an accurate model [i.e. 
within 0.03 in. (=0.8 mm) over a span of 
250 in. (=635 mm)]. 

This work wasdonebyBradle/ Burns, Jef- 
frey Carlson, M ark M inich, and Jason Schuler of 
Kennedy SpaceCenter. Further information is 
contained in a TSP (see page 1). KSC- 
13489/95 


S Methods of Antimicrobial Coating of Diverse Materials 

Lyndon B. Johnson SpaceCenter, Houston, Texas 


Methods of coating diverse substrate 
materials with antimicrobial agents 
have been developed. Originally in- 
tended to reduce health risks to astro- 
nauts posed by pathogenic microorgan- 


isms that can grow on surfaces in space- 
craft, these methods could also be used 
on Earth — for example, to ensure 
sterility of surgical inserts and other 
medical equipment. The methods in- 


volve, generally, chemical preparation 
of substrate surfaces to enable attach- 
ment of antimicrobial molecules to the 
substrate surfaces via covalent bonds. 
Substrate materials that have been 
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treated successfully include aluminum, 
glass, a corrosion-resistant nickel alloy, 
stainless steel, titanium, and poly( tetra- 
fluoroethylene). Antimicrobial agents 
that have been successfully immobi- 
lized include antibiotics, enzymes, bac- 
teriocins, bactericides, and fungicides. 


A variety of linkage chemistries were 
employed. Activity of antimicrobial 
coatings against gram-positive bacteria, 
gram-negative bacteria, and fungi was 
demonstrated. Results of investigations 
indicate that the most suitable combi- 
nation of antimicrobial agent, sub- 


strate, and coating method depends 
upon the intended application. 

T his work was done by James R. Akse John T. 
Holtsnide*, and Helen Kliestik of Umpqua Re 
search Co. forjohnson SpaceC&iter. For further in- 
formation, contact the John son Commercial Tech- 
nology Office at (281) 483-3809. M SC-23467-1 


S H igh-0 perating-T emperature Barrier I nf rared Detector With 
T ailorable C utoff Wavelength 

N ovel materials allow the detector to operate at higher temperatures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A mid-wavelength infrared (MWIR) 
barrier photodetector is capable of op- 
erating at higher temperature than the 
prevailing MWIR detectors based on 
InSb. The standard high-operating-tem- 
perature barrier infrared detector 
(HOT-BIRD) is made with an InAsSb in- 
frared absorber that is lattice-matched 
to a GaSb substrate, and has a cutoff 
wavelength of approximately 4 microns. 
To increase the versatility and utility of 
the HOT-BIRD, it is implemented with 
IR absorber materials with customizable 
cutoff wavelengths. 

The HOT-BIRD can be built with the 
quaternary alloy GalnAsSb as the ab- 
sorber, GaAISbAsasthe barrier, on a lat- 
tice-matching GaSb substrate. The cut- 
off wavelength of the GalnAsSb can be 
tailored by adjusting the alloy composi- 
tion. To build a HOT-BIRD requires a 
matching pair of absorber and barrier 
materials with the following properties: 
(1) their valence band edges must be 
approximately the same to allow unim- 
peded hole flow, while their conduction 


band edges should have a large differ- 
ence to form an electron barrier; and 
(2) the absorber and the barrier must 
be respectively lattice-matched and 
closely lattice-matched to the substrate 
to ensure high material quality and low 
defect density. 

To make a HOT-BIRD with cutoff 
wavelength shorter than 4 microns, a 
GalnAsSb quaternary alloy was used as 
the absorber, and a matching GaAIS- 
bAs quaternary alloy as the barrier. By 
changing the alloy composition, the 
band gap of the quaternary alloy ab- 
sorber can be continuously adjusted 
with cutoff wavelength ranging from 4 
microns down to the short wavelength 
infrared (SWIR). By carefully choosing 
the alloy composition of the barrier, a 
HOT-BIRD structure can be formed. 
With this method, a HOT-BIRD can be 
made with continuously tailorable cut- 
off wavelengths from 4 microns down 
to the SWIR. 

The HOT-BIRD detector technology 
is suitable for making very-large-format 


MWIR/ SWIR focal plane arrays that 
can be operated by passive cooling 
from low Earth orbit. High-operating- 
temperature infrared with reduced 
cooling requirement would benefit 
space missions in reduction of size, 
weight, and power, and an increase in 
mission lifetime. 

This work wasdoneby David Z. Ting, Cory 
J. H ill, Alexander Soibel, Sumith V. Bandara, 
and Sarath D. Gunapala of Caltech for 
NASA's Jet Propulsion Laboratory. For more 
information, contact iaoffice@jpl.nasa.gov. 

In accordance with Public Law 96-517, 
the con tractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

I n n ovative Techn ology Assets M anagemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasad&ia, CA 91109-8099 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-46477, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Materials & Coatings 


$ A Model of Reduced Kinetics for Alkane Oxidation Using 
C onstituents and Species for N -H eptane 

When certain variables are judiciously combined, a self-similarity appears, allowing for a 
compact chemistry reduction mechanism that predicts ignition time. 

N ASA's J& Propulsion Laboratory, Pasadena, California 


The reduction of elementary or skele- 
tal oxidation kinetics to a subgroup of 
tractable reactions for inclusion in tur- 
bulent combustion codes has been the 
subject of numerous studies. The skele- 
tal mechanism is obtained from the ele- 
mentary mechanism by removing from 
it reactions that are considered negligi- 
ble for the intent of the specific study 
considered. As of now, there are many 
chemical reduction methodologies. 

A methodologyfor deriving a reduced 
kinetic mechanism for alkane oxidation 
is described and applied to n-heptane. 
The model is based on partitioning the 
species of the skeletal kinetic mecha- 
nism into lights, defined as those having 
a carbon number smaller than 3, and 
heavies, which are the complement of 
the species ensemble. For modeling pur- 
poses, the heavy species are mathemati- 
cally decomposed into constituents, 
which are similar but not identical to 
groups in the group additivity theory. 

From analysis of the LLNL (Lawrence 
Livermore National Laboratory) skele- 
tal mechanism in conjunction with 
CHEMKIN II, it isshown that a similar- 
ity variable can be formed such that 
the appropriately non-dimensionalized 


global constituent molar density ex- 
hibits a self-similar behavior over a very 
wide range of equivalence ratios, initial 
pressures and initial temperatures that 
is of interest for predicting n-heptane 
oxidation. Furthermore, the oxygen 
and water molar densities are shown to 
display a quasi-linear behavior with re- 
spect to the similarity variable. The light 
species ensemble is partitioned into 
quasi-steady and unsteady species. The 
reduced model is based on concepts 
consistent with those of Large Eddy 
Simulation (LES) in which functional 
forms are used to replace the small 
scales eliminated through filtering of 
the governing equations; in LES, these 
small scales are unimportant as far as 
the overwhelming part of dynamic en- 
ergy is concerned. 

Here, the scales thought unimportant 
for recovering the thermodynamic en- 
ergy are removed. The concept is tested 
by using tabular information from the 
LLNL skeletal mechanism in conjunc- 
tion with CHEMKIN II utilized as surro- 
gate ideal functions replacing the neces- 
sary functional forms. The test reveals 
that the similarity concept is indeed jus- 
tified and that the combustion tempera- 


ture is well predicted, but that the igni- 
tion time is over-predicted, a fact traced 
to neglecting a detailed description of 
the processes leading to the heavies 
chemical decomposition. To palliate this 
deficiency, functional modeling is incor- 
porated into this conceptual reduction 
in addition to the modeling the evolu- 
tion of the global constituent molar den- 
sity, the enthalpy evolution of the heav- 
ies, the contribution to the reaction rate 
of the unsteady lights from other light 
species and from the heavies, the molar 
density evolution of oxygen and water, 
and the mole fractions of the quasi- 
steady light species. 

The model is compact in that there 
are only nine species-related progress 
variables. Results are presented showing 
the performance of the model for pre- 
dicting the temperature and species evo- 
lution. The model reproduces the igni- 
tion time over a wide range of 
equivalence ratios, initial pressure, and 
initial temperature. 

This work was done by Kenneth G. 
Harstad and Jos&te Bellan of Caltech for 
NASA's Jet Propulsion Laboratory. For more 
information, contact iaoffice@jpl.nasa.gov. 
NPO-47383 


$ Thermally Conductive Tape Based on Carbon Nanotube Arrays 

This material can be used for thermal management of microelectronic packages 
and electronic systems. 

Goddard Space Flight Center, Green belt, Maryland 


To increase contact conductance be- 
tween two mating surfaces, a conductive 
"tape” has been developed by growing 
d en se arrays of car bo n n an otu bes ( C N Ts, 
graphite layers folded into cylinders) on 
both sides of a thermally conductive 
metallic foil. When the two mating sur- 
faces are brought into contact with the 
conductive tape in between, the CNT ar- 
rays will adhere to the mating surface. 


The van der Waalsforce between the con- 
tacting tubes and the mating surface pro- 
vides adhesion between the two mating 
surfaces. Even though the thermal con- 
tact conductance of a single tube-to-tube 
contact is small, the tremendous amount 
of CNTs on the surface leads to a very 
large overall contact conductance. 

I nterface contact thermal resistance rises 
from the microroughness and the macro- 


scopic non-planar quality of mating sur- 
faces. When two surfacescome into contact 
with each other, the actual contact area may 
be much less than the total area of the sur- 
faces. The real area of contact depends on 
the load, the surface roughness, and the 
elastic and inelastic properties of the sur- 
face. This issue is even more important at 
cryogenic temperatures, where materials 
become hard and brittle and vacuum is 
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used, which prevents any gas conduction 
through the interstitial region. 

A typical approach to increase thermal 
contact conductance is to use thermally 
conducting epoxies or greases, which are 
not always compatible with vacuum condi- 
tions. In addition, the thermal conductiv- 
ities of these compounds are often rela- 
tively low. The CNTs used in this 
approach can be metallic or semiconduct- 
ing, depending on the folding angle and 
diameter. The electrical resistivity of mul- 
ti walled carbon nanotubes (MWCNTs) 
has been reported. MWCNTs can pass a 


current density and remain stable at high 
temperatures in air. The thermal conduc- 
tivity of a MWCNT at room temperature is 
measured to be approximately 3,000 
W/ m-K, which is much larger than that of 
diamond. At room temperature, the ther- 
mal conductance of a 0.3 cm 2 array of 
CNTs was measured to be as high as 10 
W/ K. The high thermal conductivity and 
the nanoscale size make CNTs ideal as 
thermal interface materials. 

The CNT-based thermal tape can be 
used for the thermal management of mi- 
croelectronic packages and electronic 


systems. It also can be integrated with 
current device technology and packag- 
ing. The material would allowfor an effi- 
cient method to manage excess heat gen- 
eration without requiring any additional 
power. Lastly, the CNT tape can be used 
to enhance thermal contact conduc- 
tance across two mating surfaces on 
some NASA missions. 

This work was done by Ali Kashani of 
A tlas Scien tific for 6 oddard Space Flight C en - 
ter. For further information , contact the God- 
dard Innovative Partnerships Office at (301) 
286-5810. GSC-15607-1 


®Two Catalysts for Selective Oxidation of Contaminant Gases 

O ne oxidizes halocarbons and ammonia; the other oxidizes ammonia. 

Lyndon B. Johnson SpaceCenter, Houston, Texas 


Two catalysts for the selective oxida- 
tion of trace amounts of contaminant 
gases in air have been developed for use 
aboard the International Space Station. 
These catalysts might also be useful for 
reducing concentrations of fumes in ter- 
restrial industrial facilities — especially 
facilities that use halocarbons as sol- 
vents, refrigerant liquids, and foaming 
agents, as well as facilities that generate 
or utilize ammonia. 

The first catalyst is of the supported- 
precious-metal type. This catalyst is 
highly active for the oxidation of halo- 
carbons, hydrocarbons, and oxygenates 
at low concentrations in air. This cata- 
lyst is more active for the oxidation of 
hydrocarbons and halocarbons than 
are competing catalysts developed in 
recent years. This catalyst completely 
converts these airborne contaminant 
gases to carbon dioxide, water, and 
mineral acids that can be easily re- 


moved from the air, and does not make 
any chlorine gas in the process. The cat- 
alyst is thermally stable and is not poi- 
soned by chlorine or fluorine atoms 
produced on its surface during the de- 
struction of a halocarbon. In addition, 
the catalyst can selectively oxidize am- 
monia to nitrogen at a temperature be- 
tween 200 and 260 °C, without making 
nitrogen oxides, which are toxic. The 
temperature of 260 °C is higher than 
the operational temperature of any 
other precious-metal catalyst that can 
selectively oxidize ammonia. 

The purpose of the platinum in this 
catalyst is to oxidize hydrocarbons and 
to ensure that the oxidation of halocar- 
bons goes to completion. However, the 
platinum exhibits little or no activity 
for initiating the destruction of halo- 
carbons. Instead, the attack on the 
halocarbons is initiated by the support. 
The support also provides a high sur- 


face area for exposure of the platinum. 
Moreover, the support resists deactiva- 
tion or destruction by halogens re- 
leased during the destruction of halo- 
carbons. 

The second catalyst is of the sup- 
ported-metal-oxide type. This catalyst 
can selectively oxidize ammonia to nitro- 
gen at temperatures up to 400 °C, with- 
out producing nitrogen oxides. This cat- 
alyst converts ammonia completely to 
nitrogen, even when the concentration 
of ammonia is very low. No other catalyst 
is known to oxidize ammonia selectively 
at such a high temperature and low con- 
centration. Both the metal oxide and 
the support contribute to the activity 
and selectivity of this catalyst. 

T his work was done by John D. Wright of 
TDA Research for Johnson SpaceCenter. For 
further information, contact theJSC Innova- 
tion Partnerships Office at (281) 483-3809. 
M SC-23054-1 


$ Nanoscale Metal Oxide Semiconductors for Gas Sensing 

John H . Glenn Research Center, Cla/eland, Ohio 


A report describes the fabrication and 
testing of nanoscale metal oxide semi- 
conductors (MOSs) for gas and chemi- 
cal sensing. This document examines 
the relationship between processing ap- 
proaches and resulting sensor behavior. 
This is a core question related to a 
range of applications of nanotechnol- 
ogy and a number of different synthesis 
methods are discussed: thermal evapo- 


ration-condensation (TEC), controlled 
oxidation, and electrospinning. Advan- 
tages and limitations of each technique 
are listed, providing a processing 
overview to developers of nanotechnol- 
ogy-based systems. 

The results of a significant amount of 
testing and comparison are also de- 
scribed. A comparison is made between 
Sn02, ZnO, and Ti02 single-crystal 


nanowires and Sn 02 polycrystalline 
nanofibers for gas sensing. The TEC- 
syn th esi zed si n gl e-crystal n an o wi res 
offer uniform crystal surfaces, resistance 
to sintering, and their synthesis may be 
done apart from the substrate. The TEC- 
produced nanowire response is very low, 
even at the operating temperature of 
200 °C. In contrast, the electrospun 
polycrystalline nanofiber response is 
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high, suggesting that junction potentials 
are superior to a continuous surface de- 
pletion layer as a transduction mecha- 
nism for chemisorption. Using a catalyst 
deposited upon the surface in the form 
of nanoparticles yields dramatic gainsin 
sensitivity for both nanostructured, one- 
dimensional forms. 

For the nanowire materials, the re- 
sponse magnitude and response rate uni- 
formly increase with increasing operat- 
ing temperature. Such changes are 
interpreted in terms of accelerated sur- 
face diffusional processes, yielding 


greater access to chemisorbed oxygen 
species and faster dissociative chemisorp- 
tion, respectively. Regardless of operat- 
ing temperature, sensitivity of the 
nanofibers is a factor of 10 to 100 greater 
than that of nanowires with the same cat- 
alyst for the same test condition. In sum- 
mary, nanostructure appears critical to 
governing the reactivity, as measured by 
electrical resistance of these SnO 2 nano- 
materials towards reducing gases. With 
regard to the sensitivity of the different 
nascent nanostructures, the electrospun 
nanofibers appear preferable. 


This work was done by Gary I/I/. H unter, 
Laura Evans, and Jennifer C. Xu of Glenn Re 
search Center; Randy L. Vander Wal of Penn 
State University; and Gordon M . Berger and 
Michael J. Kulis of the National Center for 
Space Exploration Research. Further informa- 
tion is contained in a TSP (see page 1). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steven 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-18492-1. 


$ L ightweight, U Itra-H igh-T emperature, CMC -Lined 
Carbon/ Carbon Structures 

This refractory composite material is applicable to defense vehicles, combustion chambers, 
rocket nozzles, hot gas generators, and valves using both liquid and solid propellants. 

John H . Glenn Research Center, Cle/eland, Ohio 


Carbon/ carbon (C/C) is an estab- 
lished engineering material used exten- 
sively in aerospace. The beneficial proper- 
ties of C/C include high strength, low 
density, and toughness. Its shortcoming is 
its limited usability at temperatures 
higher than the oxidation temperature of 
carbon — approximately400 °C. Ceramic 
matrix composites (CMCs) are used in- 
stead, but carry a weight penalty. Combin- 
ing a thin laminate of CMC to a bulk 
structure of Cl C retainsall of the benefits 
of Cl C with the high temperature oxidiz- 
ing environment usability of CMCs. 

Ultramet demonstrated the feasibility 
of combining the light weight of C/C 
composites with the oxidation resistance 
of zirconium carbide (ZrC) and zirco- 
nium-silicon carbide (Zr-Si-C) CMCs in a 
unique system composed of a C/C pri- 
mary structure with an integral CMC 
liner with temperature capability up to 
4,200 °F (-2,315 °C). The system effec- 
tively bridged the gap in weight and per- 
formance between coated Cl C and bulk 
CMCs. Fabrication was demonstrated 
through an innovative variant of Ultra- 


met's rapid, pressureless melt infiltration 
processing technology. The fully devel- 
oped material system has strength that is 
comparable with that of Cl C, lower den- 
sitythan Cf / SiC, and ultra-high-tempera- 
ture oxidation stability. Application of 
the reinforced ceramic casing to a pre- 
dominantly Cl C structure creates a 
highly innovative material with the po- 
tential to achieve the long-sought goal of 
long-term, cyclic high-temperature use 
of C/C in an oxidizing environment. 
The Cl C substructure provided most of 
the mechanical integrity, and the CMC 
strengths achieved appeared to be suffi- 
cient to allowtheCMC to perform its pri- 
mary function of protecting the Cl C. 

Nozzle extension components were 
fabricated and successfully hot-fire tested. 
Test results showed good thermochemi- 
cal and thermomechanical stability of the 
CMC, as well as excellent interfacial 
bonding between the CMC liner and the 
underlying C/C structure. In particular, 
hafnium-containing CMCs on C/C were 
shown to perform well at temperatures 
exceeding 3, 500 °F (-1,925 °C). 


The melt-infiltrated CMC-lined C/C 
composites offered a lower density than 
Cf/SiC. The melt-infiltrated composites 
offer greater use temperature than 
Cf/SiC because of the more refractory 
ceramic matrices and the Cl C substruc- 
ture provides greater high-temperature 
strength. 

The progress made in this work will 
allow multiple high-temperature compo- 
nents used in oxidizing environments to 
take advantage of the low density and 
high strength of Cl C combined with the 
high-temperature oxidation resistance 
of melt-infiltrated CMCs. 

This work was done by M atthew J. Wright, 
Gautham Ramachandran, and Brian E. 
Williams of Ultramet for Glenn Research Cen- 
ter. Further information is contained in a 
TSP (see page 1). 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to NASA Glenn Research Center, In- 
novative Partnerships Office, Attn: Steven 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-18618-1. 
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4 Sample Acquisition and H andling System From a Remote Platform 

This technology can be used for surface sampling of large areas such as deserts, 
or for agricultural sampling. 

N ASA's Jet Propulsion Laboratory, Pasadena, California 


A system has been developed to ac- 
quire and handle samples from a sus- 
pended remote platform. The system in- 
cludes a penetrator, a penetrator 
deployment mechanism, and a sample 
handler. A gravity-driven harpoon sam- 
pler was used for the system, but other 
solutions can be used to supply the pen- 
etration energy, such as pyrotechnic, 
pressurized gas, or springs. The deploy- 
ment mechanism includes a line that is 
attached to the penetrator, a spool for 
reeling in the line, and a line engage- 
ment control mechanism. 

The penetrator has removable tips 
that can collect liquid, ice, or solid sam- 
ples. The handling mechanism consists 
of a carousel that can store a series of 
identical or different tips, assist in pene- 
trator reconfiguration for multiple sam- 
ple acquisition, and deliver the sample 
to a series of instruments for analysis. 
The carousel sample handling system 
was combined with a brassboard reeling 
mechanism and a penetrator with re- 
movable tips. It can attach the remov- 
able tip to the penetrator, release and re- 
trieve the penetrator, remove the tip, 
and present it to multiple instrument 
stations. The penetrator can be remotely 
deployed from an aerobot, penetrate 
and collect the sample, and be retrieved 
with the sample to the aerobot. 

The penetrator with removable tips in- 
cludes sample interrogation windows and 
a sample retainment spring for unconsol- 
idated samples. The line engagement 
motor can be used to control the penetra- 
tor release and reeling engagement, and 
to evenly distribute the line on the spool 
by rocking between left and right ends of 
the spool. When the arm with the guiding 
ring isaligned with the spool axis, the line 
is free to unwind from the spool without 
rotating the spool. When the arm is per- 
pendicular to the spool axis, the line can 
move only if the spool rotates. 

T his work was done by M ircea Badescu , 
Stewart Sherrit, and Jack A. Jones of Caltech 
for NASA's Jet Propulsion Laboratory. Fur- 
ther information is contained in a TSP (see 
pagel). NPO-46585 


Line engagement control motor assembly 
(motor, gearhead, arm with guiding ring) 




Reel Mechanism 

Harpoon Body With 
Quick Coupling 


Penetrator 
Removable Tip 

Sample 
Pyrolysis Cup 


Carousel 

Rotation 

Mechanism 


Linear 

Mechanism 


The main functional components of the Penetrator Deployment Mechanism (top), and (bottom) the 
Brassboard with a simplified sample acquisition component and the carousel sample handler. 


NASA Tech Briefs, February 2011 


21 




^Improved Rare-Earth Emitter Hollow Cathode 

These cathodes have applications in electric thrusters and in industry for plasma processing of 
optical coatings. 

N ASA's Jet Propulsion Laboratory, Pasadena, California 


An improvement has been made to 
the design of the hollow cathode geom- 
etry that was created for the rare-earth 
electron emitter described in "Compact 
Rare Earth Emitter Hollow Cathode" 
(NPO 44923), NASA Tech Briefs , Vol. 34, 
No. 3 (March 2010), p. 52. The original 
interior assembly was made entirely of 
graphite in order to be compatible with 
the LaB6 material, which cannot be 
touched by metalsduring operation due 
to boron diffusion causing embrittle- 
ment issues in high-temperature refrac- 
tory materials. Also, the graphite tube 
was difficult to machine and was subject 
to vibration-induced fracturing. 

This innovation replaces the graphite 
tube with one made out of refractory 
metal that is relatively easy to manufac- 
ture. The cathode support tube is made 


of molybdenum or molybdenum-rhe- 
nium. This material is easily gun-bored 
to near the tolerances required, and fin- 
ish machined with steps at each end that 
capture the orifice plate and the mount- 
ing flange. This provides the manufac- 
turability and robustness needed for 
flight applications, and eliminates the 
need for expensive e-beam welding used 
in prior cathodes. The LaB6 insert is 
protected from direct contact with the 
refractory metal tube by thin, graphite 
sleeves in a cup-arrangement around 
the ends of the insert. The sleeves, in- 
sert, and orifice plate are held in place 
by a ceramic spacer and tungsten spring 
inserted inside the tube. 

To heat the cathode, an insulating 
tube is slipped around the refractory 
metal hollow tube, which can be made 


of high-temperature materials like 
boron nitride or aluminum nitride. A 
screw-shaped slot, or series of slots, is 
machined in the outside of the ceramic 
tube to constrain a refractory metal wire 
wound inside the slot that is used as the 
heater. The screw slot can hold a single 
heater wire that is then connected to 
the front of the cathode tube by tack- 
welding to complete the electrical cir- 
cuit, or it can be a double slot that takes 
a bifilar wound heater with both leads 
coming out the back. This configura- 
tion replaces the previous sheathed 
heater design that limited the cycling- 
life of the cathode. 

This work was done by Dan M . Goebel of 
Caltech for NASA's Jet Propulsion Laboratory. 
Further information is contained in a TSP 
(see page l).NPO-46782 


4 H igh-Temperature Smart Structures for Engine Noise 
Reduction and Performance Enhancement 

T he most direct beneficiary of this hardware would be next-generation subsonic transports. 

John H . Glenn Research Center, Cle/eland, Ohio 


One of key NASA goals is to develop 
and integrate noise reduction technol- 
ogy to enable unrestricted air trans- 
portation service to all communities. 
0 ne of the technical priorities of this ac- 
tivity has been to account for and reduce 
noise via propulsion/ airframe interac- 
tions, identifying advanced concepts to 
be integrated with the airframe to miti- 
gate these noise-producing mechanisms. 

An adaptive geometry chevron using 
embedded smart structures technology 
offers the possibility of maximizing en- 
gine performance while retaining and 
possibly enhancing the favorable noise 
characteristics of current designs. New 
high-temperature shape memory alloy 
(HTSMA) materials technology enables 
the devices to operate in both low-tem- 
perature (fan) and high-temperature 
(core) exhaust flows. Chevron-equipped 
engines have demonstrated reduced 
noise in testing and operational use. It is 
desirable to have the noise benefits of 
chevrons in takeoff/ landing conditions, 
but have them deployed into a mini- 


mum drag position for cruise flight. 

The central feature of the innovation 
was building on rapidly maturing 
HTSMA technology to implement a 
next-generation aircraft noise mitiga- 
tion system centered on adaptive 
chevron flow control surfaces. In gen- 
eral, SMA-actuated devices have the po- 
tential to enhance the demonstrated 
noise reduction effectiveness of chevron 
systems while eliminating the associated 
performance penalty. The use of struc- 
turally integrated smart devices will 
minimize the mechanical and subsys- 
tem complexity of this implementation. 

The central innovations of the effort 
entail the modification of prior chevron 
designs to include a small cut that re- 
laxes structural stiffness without com- 
promising the desired flow characteris- 
tics over the surface; the reorientation 
of SMA actuation devices to apply forces 
to deflect the chevron tip, exploiting 
this relaxed stiffness; and the use of 
high-temperature SMA (HTSMA) mate- 
rials to enable operation in the de- 


manding core chevron environment. 

The overall conclusion of these de- 
sign studies was that the cut chevron 
concept is a critical enabling step in 
bringing the variable geometry core 
chevron within reach. The presence of 
the cut maybe aerodynamically undesir- 
able in some respects, but it is present 
only when the chevron is not immersed 
in the core jet exhaust. When deployed, 
the gap closes as the chevron tip enters 
the high-speed, high-temperature core 
stream. Aeroacoustic testing and flow vi- 
sualization support the contention that 
this cut is inconsequential to chevron 
performance. 

This work was done by Todd R. Quacken- 
bush and Robert M . M cKillip, Jr., of Contin- 
uum Dynamics, Inc. for Glenn Research Cen- 
ter. 

Inquiries concerning rights for thecommer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW -18416-1 
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# Cryogenic Scan Mechanism for Fourier Transform Spectrometer 

This mechanism would be applicable to FTS use in forensic, scientific, medical, 
and defense industries. 

Goddard Space Flight Center, Greenbelt, Maryland 


A compact and lightweight mecha- 
nism has been developed to accurately 
move a Fourier transform spectrometer 
(FTS) scan mirror (a cube corner) in a 
near-linear fashion with near constant 
speed at cryogenic temperatures. This 
innovation includes a slide mechanism 
to restrict motion to one dimension, an 
actuator to drive the motion, and a lin- 
ear velocity transducer (LVT) to meas- 
ure the speed. The cube corner mirror is 
double-passed in one arm of the FTS; 
double-passing is required to compen- 
sate for optical beam shear resulting 
from tilting of the moving cube corner. 

The slide, actuator, and LVT are off- 
the-shelf components that are capable 


of cryogenic vacuum operation. The 
actuator drives the slide for the re- 
quired travel of 2.5 cm. The LVT 
measures translation speed. A propor- 
tional feedback loop compares the 
LVT voltage with the set voltage 
(speed) to derive an error signal to 
drive the actuator and achieve near 
constant speed. When the end of the 
scan is reached, a personal computer 
reverses the set voltage. 

The actuator and LVT have no mov- 
ing parts in contact, and have magnetic 
properties consistent with cryogenic op- 
eration. The unlubricated slide restricts 
motion to linear travel, using crossed 
roller bearings consistent with 100-mil- 


lion-stroke operation. The mechanism 
tilts several arc seconds during trans- 
port of the FTS mirror, which would 
compromise optical fringe efficiency 
when using a flat mirror. Consequently, 
a cube corner mirror is used, which con- 
verts a tilt into a shear. The sheared 
beam strikes (at normal incidence) a 
flat mirror at the end of the FTS arm 
with the moving mechanism, thereby re- 
turning upon itself and compensating 
for the shear. 

This work was done by John C. Brasunas 
and John J. Francis of Goddard Space Flight 
Center. For further information , contact the 
Goddard Innovative Partnerships Office at 
(301) 286-5810. GSC-15556-1 


# Piezoelectric Rotary Tube Motor 

NASA's Jet Propulsion Laboratory, Pasadena, California 


A custom rotary SQUIGGLE® motor 
has been developed that sets new bench- 
marks for small motor size, high posi- 
tion resolution, and high torque without 
gear reduction. Its capabilities cannot be 
achieved with conventional electromag- 
netic motors. It consists of piezoelectric 
plates mounted on a square flexible 
tube. The plates are actuated via voltage 
waveforms 90° out of phase at the reso- 


nant frequency of the device to create 
rotary motion. 

The motors were incorporated into a 
two-axis postioner that was designed for 
fiber-fed spectroscopy for ground-based 
and space-based projects. The positioner 
enables large-scale celestial object surveys 
to take place in a practical amount of time. 

T his work was done by Charles D. Fisher, 
Mircea Badescu, and David F. Braun of Cal- 


tech and Rob Culhane of New ScaleTechnolo- 
gies for NASA's Jet Propulsion Laboratory. 
For more in formation about themotor and the 
positioner, visit the following sites: 
http:// www. n ewscaletech.com/ custom_ 
overview. html#rotary 
h ttp:// www.n ewscaletech . com/ a pp_ n otes/ 
7Cobra-JPL-article.html 
NPO-46992 
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©Thermoelectric Energy Conversion Technology for H igh- 
Altitude Airships 

Applications include surveillance for homeland security, and Earth observation for 
weather monitoring. 

Langley Research Center, H ampton, Virginia 


Concentrated Solar Energy 



The ATE Energy Conversion Device consists of triple layers of p-n-junction arrays in 
a tandem mode. The first layer is built from the array of SiGe, while the second and 
third layers are built from PbTeand Bi2Te3, respectively, as regenerative cycles. Such 
an arrangement allows effective energy harvesting from a heat source. 


The H igh Altitude Air- 
ship (HAA) has various ap- 
plication potential and mis- 
sion scenarios that require 
onboard energy harvesting 
and power distribution sys- 
tems. The power technol- 
ogy for HAA maneuverabil- 
ity and mission-oriented 
applications must come 
from its surroundings, e.g. 
solar power. The energy 
harvesting system consid- 
ered for HAA is based on 
the advanced thermoelec- 
tric (ATE) materials being 
developed at NASA Langley 
Research Center. The mate- 
rialsselected for ATE are sil- 
icon germanium (SiGe) 
and bismuth telluride 
(Bi 2 Te 3 >, in multiple layers. 

The layered structure of the 
advanced TE materials is specifically engi- 
neered to provide maximum efficiency 
for the corresponding range of opera- 
tional temperatures. For three layers of 
the advanced TE materials that operate at 
high, medium, and low temperatures, 
correspondingly in a tandem mode, the 
cascaded efficiency is estimated to be 
greater than 60 percent. 

The first layer is built from the array 
of SiGe, while the second and third lay- 
ers are respectively built from PbTe and 


Bi 2 Te 3 as regenerative cycles. Such an 
arrangement allows effective energy har- 
vesting from a heat source. First, solar 
flux is concentrated and heats up the 
first layer, which is built with high-tem- 
perature SiGe. The unused thermal en- 
ergy from the first layer is subsequently 
used by the second layer, which is built 
with mid-temperature PbTe. The third 
layer of Bi 2 Te 3 uses the unused energy 
from the second layer to maximize the 
conversion of the energy that is other- 


wise dumped away. In this 
fashion, the ATE devices 
become more effective 
than solar cells because the 
performance of solar cells 
is monolithically tied to 
band-gap energy structure, 
so that they only couple 
with certain spectral lines. 

For nighttime, the 
power required must be 
augmented from the on- 
board fuel cells, battery, 
and a rectenna array that is 
attached at the bottom sur- 
face of H AA . T h ese systems 
combined provide at least a 
megawatt level of power for 
the intermittent operation. 

Commercial applications 
include monitoring and 
controlling the ever-increas- 
ing complexities of aerial 
and maritime transportation and telecom- 
munication networks. Military applications 
include close and persistent surveillance of 
adversarial elements, possibly controlling 
enemy infiltrations through open air and 
sea and shooting down enemy missilesdur- 
ing their boosting phase. 

This work was done by Sang H . Choi James 
R. Elliott , Glen C. King , Yeonjoon ParkJaeWoo 
Kim , and Sang-Hyon Chu of Langley Research 
Center. Further information is contained in a 
TSP (see page 1).LAR-17 213-1 


© C ombustor C omputations for C 0 2 -N eutral Aviation 

This method can be used to determine synthetic and biological fuels and blends. 

John H . Glenn Research Center, Cl a/el and, Ohio 


Knowing the pure component C p ° or 
mixture C p ° as computed by a flexible code 
such as NIST-STRAPP or McBride-Gor- 
don, one can, within reasonable accuracy, 
determine the thermophysical properties 


necessary to predict the combustion char- 
acteristics when there are no tabulated or 
computed data for those fluid mixtures 
3or limited results for lower temperatures. 
(Note: C p ° is molar heat capacity at con- 


stant pressure.) The method can be used 
in the determination of synthetic and bio- 
logical fuels and blends using the NIST 
code to compute the C p ° of the mixture. 

In this work, the values of the heat ca- 
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pacity were set at "zero” pressure, which 
provided the basisfor integration to de- 
termine the required combustor prop- 
erties from the injector to the combus- 
tor exit plane. The McBride-Gordon 
code was used to determine the heat ca- 
pacity at zero pressure over a wide 
range of temperatures (room to 6,000 
K). The selected fluids were Jet-A, 
224TMP (octane), and C12. It was 
found that each heat capacity loci were 
form-similar. It was then determined 
that the results [near 400 to 3,000 K] 
could be represented to within accept- 
able engineering accuracy with the sim- 
plified equation C P °=A/T +B, where A 
and B are fluid-dependent constants 
and T is temperature (K). 

With this information, a model for JP8 
was established using NIST CodeSTRAPP 
with a 12-component mixture. Selected 
pure components such as C12 and 
224TMP have representations in both the 


McBride-Gordon and NIST codes, and 
were calculated and compared. A 12-com- 
ponent mixture wasdefined forJP8and C p ° 
computed using the NIST code to 1,000 K. 
The simplified representation oftheC p °for 
JP8 was form-similar to Jet-A, C12, and 
224TM P over the range of 400 to 3,000 K. 
This defined the ability to predict the C p ° 
for a variety of hydrocarbon mixtures using 
the NIST code to 1,000 K, and representing 
these data by the simplified C p °, which can 
then be extrapolated to 3,000 K within rea- 
sonable engineering accuracy. Knowing 
C P °(T ) results for enthalpy, entropy, and 
free energy can be determined and input 
into the combustion code. 

The simplified form of the gas phase 
caloric equations generated using the 
NIST STRAPP code, the NASA McBride 
code, and a systematic curve-fitting 
methodology, work well within an estab- 
lished computational fluid dynamics 
(CFD) flow solver. Computed flow struc- 


ture for the four fuels, using a trapped 
vortex combustor experimental rig as a 
test case, show strong similarities. This is 
true for the temperature as well as the 
CO and CO 2 mass fraction contours. In- 
spection of the mass-averaged combustor 
exit quantities, however, indicates that 
temperature differences may be suffi- 
cient to require reconsideration of tur- 
bine fueling schemes. 

This work was done by Robert C. Hen- 
dricks of Glenn Research Center; Andrqa 
Brankovic and Robert C. Ryder of Flow 
Para metrics; and Marcia Huber of the Na- 
tional Institute of Standards and Technol- 
ogy. Further information is contained in a 
TSP (see page 1). 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Innovative 
Partnerships Office, Attn: Steve Fedor, Mail 
Stop 4-8 , 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-18453-1. 
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® Use of Dynamic Distortion to Predict and Alleviate Loss of Control 

This work alleviates aircraft loss due to unfavorable pilot/ vehicle interactions. 

Dryden Flight Research Center, Edwards, California 


This research has developed and eval- 
uated the specific concepts, termed 
"Smart-Cue" and "Smart-Gain," to allevi- 
ate aircraft loss of control that results 
from unfavorable pilot/ vehicle system 
interactions, including pilot-induced os- 
cillations (PIOs). Unfavorable pilot/ 
vehicle-system interactions have long 
been an aviation safety problem. While 
the effective aircraft dynamic properties 
involved in these events have been exten- 
sively studied and understood, similar 
scrutiny has not been paid to the many 
aspects of the primary manual control 
system that converts the pilot control in- 
puts to motions of the control surfaces. 
The purpose of the Smart-Cue and 
Smart-Gain developments is to redress 
this neglect, and to develop and validate 
remedial manual control systems. 

The program began with a review of 
the historical precedent for providing 
cueing to the pilot via the cockpit con- 
trols along with the many control sur- 
face rate-limiting alleviation schemes 
and PIO suppression filter concepts that 
have been proposed and evaluated over 
the years. A McFadden hydraulic control 


loader capable of generating proposed 
Smart-Cue forces was integrated with the 
STI PC-based flight simulator. Candidate 
mechanizations of the Smart-Cue con- 
cept were created, implemented, as- 
sessed, and refined through a series of 
evaluations using guest test pilots. The 
Smart-Gain concept was developed in re- 
sponse to the Smart-Cue performance 
during the precision offset landings con- 
ducted during the checkout flights. 
Rapid prototyping of the Smart-Gain 
mechanization was made via the piloted 
simulation, and the concept was in- 
cluded as part of the formal flight test 
evaluations. Five test pilots participated 
in the Smart-Cue/ Smart-Gain evalua- 
tions with the Learjet in-flight simulator. 

In this work, the "distortion" of inter- 
est results from control surface rate-lim- 
iting, and isquantified bythe surface Po- 
sition Error, while the "distortion 
metric" is the Position Lag. A force feed- 
back cue, the constraining function, 
and/or a command path gain reduc- 
tion, are created when the Position 
Error exceeds the Position Lag, or the 
alerting function. The overall imple- 


mentation does, however, require hard- 
ware in the form of a back-driven force- 
feel system included as part of the cock- 
pit manipulator. The feasibility of the 
Smart-Cue/ Smart-Gain approach using 
a back-driven manipulator implemented 
in a variable stability aircraft was success- 
fully demonstrated in flight. 

The hypothesis stated that the Smart- 
Cue will change pilot behavior to de- 
crease the chance of adverse pilot/ vehi- 
cle system interactions. Thus, if this 
assumption about the pilot-vehicle sys- 
tem was found to be true, then a de- 
graded flight-control system in the pres- 
ence of dynamic distortions will have 
improved stability and performance. 
This hypothesis was found to be true in 
flight-testing evaluations that replicated 
high-gain, continuous closed-loop tasks 
for both cruise and terminal flight oper- 
ations, especially for those cases that in- 
cluded the addition of the Smart-Gain. 

T his work was done by David Klyde, Chi- 
Ying Liang , and Daniel Alvarez of Systems 
Technology Inc. for Dryden Flight Research 
Center. Further information is contained in a 
TSP (see page 1). DRC-007-083 


® CycleTime Reduction in Trapped Mercury Ion Atomic 
Frequency Standards 

NASA's Jet Propulsion Laboratory, Pasadena, California 


The use of the mercury ion isotope 
201 Hg + was examined for an atomic 
clock. Taking advantage of the faster 
optical pumping time in 201 H g + reduces 
both the state preparation and the state 
readout times, thereby decreasing the 
overall cycle time of the clock and re- 
ducing the impact of medium-term LO 
noise on the performance of the fre- 
quency standard. The spectral overlap 
between the plasma discharge lamp 
used for 201 Hg + state preparation and 
readout is much larger than that of the 
lamp used for the more conventional 
199 Hg + . There has been little study of 
201 Hg + for clock applications (in fact, 


all trapped ion clock work in mercury 
has been with 199 Hg + ); however, re- 
cently the optical pumping time in 
201 Hg + has been measured and found 
to be 0.45 second, or about three times 
faster than in 199 Hg + due largely to the 
better spectral overlap. This can be 
used to reduce the overall clock cycle 
time by over 2 seconds, or up to a factor 
of 2 improvement. 

The use of the 201 Hg + for an atomic 
clock is totally new Most attempts to re- 
duce the impact of LO noise have fo- 
cused on reducing the interrogation 
time. In the trapped ion frequency stan- 
dards built so far at JPL, the optical 


pumping time is already at its minimum 
so that no enhancement can be had by 
shortening it. H owever, by using 201 H g + , 
this is no longer the case. Furthermore, 
integrity monitoring, the mechanism 
that determines whether the clock is 
functioning normally, cannot happen 
faster than the clock cycle time. There- 
fore, a shorter cycle time will enable 
quicker detection of failure modes and 
recovery from them. 

Thiswork wasdonebyEricA. Burt , Robert 
L. Tjoelker, and Shervin Taghavi of Caltech 
for NASA's Jet Propulsion Laboratory. For more 
information , contact iaoffice@jpl.nasa.gov. 
NPO-46865 
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0 A 201 H g + C omagnetometer for 199 H g + T rapped I on Space 
Atomic Clocks 

N A SA'sJet Propulsion Laboratory, Pasadena, California 


A method has been developed for un- 
ambiguously measuring the exact mag- 
netic field experienced by trapped mer- 
cury ions contained within an atomic 
clock intended for space applications. In 
general, atomic clocks are insensitive to 
external perturbations that would 
change the frequency at which the 
clocks operate. On a space platform, 
these perturbative effects can be much 
larger than they would be on the 
ground, especially in dealing with the 
magnetic field environment. The solu- 
tion is to use a different isotope of mer- 
cury held within the same trap as the 
clock isotope. The magnetic field can be 
very accurately measured with a mag- 
netic-field-sensitive atomic transition in 


the added isotope. Further, this meas- 
urement can be made simultaneously 
with normal clock operation, thereby 
not degrading clock performance. 

Instead of using a conventional mag- 
netometer to measure ambient fields, 
which would necessarily be placed some 
distance away from the clock atoms, first- 
order field -sensitive atomic transition 
frequency changes in the atoms them- 
selves determine the variations in the 
magnetic field. Asa result, all ambiguity 
over the exact field value experienced by 
the atoms is removed. Atoms used in 
atomic clocks always have an atomic 
transition (often referred to as the 
"clock transition") that is sensitive to 
magnetic fields only in second order, 


and usuallyhaveoneor more transitions 
that are first-order field sensitive. For op- 
erating parameters used in the 199 H g + 
clock, the latter can be five orders of 
magnitude or more sensitive to field 
fluctuations than the clock transition, 
thereby providing an unambiguous 
probe of the magnetic field strength. 

This work was done by Eric A. Burt, Shervin 
Taghavi, and R obert L . T jodker of Caltech for 
NASA's Jet Propulsion Laboratory. Formorein- 
formation, contact iaoffice@jpl.nasa.gov. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial devdopment should be ad- 
dressed to the Patent Counsd, NASA Man- 
agement Office- JPL. Refer to NPO-46938. 
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